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Stereolithography Resins and Methods 

CLAIM OF PRIORITY 

This application claims priority to U.S. Patent Application Serial No. 60/438,496, 
filed on January 7, 2003, which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

This inventio7n relates to resins and methods for stereolithography. 

BACKGROUND 

Rapid prototyping includes a group of technologies that create three-dimensional 
objects by the successive formation of solid layers from a fluid-like material adjacent to 
previously formed solid layers of material according to cross-sectional data representing 
successive slices of the three-dimensional object. 

In one type of rapid prototyping, called stereolithography, a liquid material is 
selectively solidified by exposing it to actinic radiation. The liquid material is typically a 
photopolymerizable material. The actinic radiation is typically visible or ultraviolet 
electromagnetic radiation. The radiation can be produced using a laser, though other sources 
of radiation are possible, such as arc lamps or resistive lamps. Selective exposure may occur 
by scanning a beam, or by controlling a flood exposure by use of a light valve that selectively 
transmits or reflects the radiation. After an object has been formed by stereolithography, it 
can be heat cured. Liquid-based stereolithography is discussed, for example, in U. S. Patent 
No. 6,406,658, assigned to 3-D Systems, which is incorporated by reference in its entirety. 
Examples of stereolithography systems include the SLA 5000 and SLA 7000 models which 
are sold by 3D Systems, Inc (Valencia, CA). 

A second type of rapid prototyping is known as selective laser sintering (SLS). SLS 
is based on the selective solidification of layers of a powdered material by exposing the 
layers to infrared electromagnetic radiation to sinter or fuse the powder particles. SLS is 
described, for example, in U.S. Patent No. 4,863,538, which is incorporated by reference in 
its entirety. 

A third type of rapid prototyping is known as three dimensional printing (3DP). 3DP 

is based on the selective solidification of layers of a powdered material by the selective 
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deposition (e.g., from an ink-jet printer) of a binder thereon. 3DP is described in U.S. Patent 
No. 5,204,055, which is incorporated by reference in its entirety. 

SUMMARY 

In general, a stereolithography resin can include a urethane acrylate oligomer, an 
acrylate monomer, and a polymerization modifier. The properties of products made by 
stereolithography using the resins can be controlled by choosing the identities and relative 
concentrations of the urethane acrylate oligomer, acrylate monomer, and polymerization 
modifier. In particular, products having good dimensional stability, toughness, flexibility, 
heat resistance, or other desirable properties can be made using the resins. 

In one aspect, a liquid stereolithography resin includes a first urethane acrylate 
oligomer, a first acrylate monomer, and a polymerization modifier. In another aspect, a 
method of forming a three-dimensional object includes choosing a precursor based on a 
performance characteristic of a finished product, mixing the precursor with a stock solution 
including a urethane acrylate oligomer and an acrylate monomer to form a stereolithography 
resin, and selectively exposing the resin to light to form a solidified layer. The performance 
characteristic can be hardness, flexibility, dimensional stability, clarity, toughness, elasticity, 
heat resistance, weather resistance, and combinations thereof. In another aspect, a method of 
forming a three-dimensional object includes selectively exposing to actinic radiation a first 
portion of a resin including a first urethane acrylate oligomer, a first acrylate monomer, and a 
polymerization modifier to form a first solidified layer, and selectively exposing to actinic 
radiation a second portion of the resin to form a second solidified layer adjacent to the first 
solidified layer. 

The liquid stereolithography resin can include a photoinitiator. The photoinitiator can 
include a phosphine oxide^ an alpha -hydroxyketone^ benzophenone derivative, or mixtures 
thereof. The photoinitiator can include a component. The component can be a 
benzophenone, a benzil dimethyl ketal, a (l-hydroxycyclohexyl)phenylketone, an isopropyl 
thioxanthone, an ethyl 4-(dimethylamino)benzoate, SARCURE SRI 135, a benzoin normal 
butyl ether, SARCURE SR1130E, tripropyleneglycol diacrylate, an oligo(2-hydroxy-2- 
methyl- 1 -(4-( 1 -methylvinyl)phenyl)propanone), a 2-hydroxy-2-methyl- 1 -phenyl- 1 - 
propanone, a poly(2-hydroxy-2-methyl-l -phenyl- 1-propanone), a trimethylolpropane 
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triacrylate, a SARCURE SRI 137, a SARCURE SRI 130, a phosphine oxide, a 4- 
methylbenzophenone, a trimethylbenzophenone, a methylbenzophenone, a Darocur 4265, an 
Irgacure, or mixtures thereof. The photoinitiator can activate polymerization of an acrylate in 
a wavelength range of 240 run to 250 nm, 360 run to 380 nm, or 390 nm to 410 nm. 

The first urethane acrylate oligomer can include a polyester urethane diacrylate. The 
polyester urethane diacrylate can be an aliphatic polyester urethane diacrylate. The first 
acrylate monomer can include a monovalent acrylate or a polyvalent acrylate. 

The first urethane acrylate oligomer can have formula (I): 

O O 1 

A-0-(M 1 -oM-N-M 2 -N -(M 1 -0)-A (I) 
x H H 2 

Jy 

Each M 1 is, independently, an alkylene, an acylalkylene, an oxyalkylene, an arylene, an 
acylarylene, or an oxyarylene. Each M 2 is, independently, an alkylene or an arylene. Each 
M 1 and each M 2 can be optionally substituted with alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkynyl, acyl, alkoxy, hydroxyl, hydroxylalkyl, halo, haloalkyl, amino, silicone, aryl, or 
aralkyl. In formula (I), x is a positive integer less than 40, y is a positive integer less than 
100, and z is a positive integer less than 40. Each A, independently, has the formula: 

O 




in which R 1 is hydrogen or lower alkyl, each L is, independently, C1-C4 alkyl, and w is an 
integer ranging from 0 to 20. R 1 is preferably hydrogen or methyl. In formula (I), w, x, y, 
and z together are selected such that the molecular weight of the first urethane acrylate 
oligomer is less than 20,000. 

In formula (I), M 1 can be a straight, branched, or cyclic alkylene. M 1 can be an 
acylalkylene or acylarylene. can be a straight, branched, or cyclic alkylene. L can be a 
branched or unbranched C1-C4 alkyl. 

The first acrylate monomer can have formula (II): 

A'-O-R^O-A') (II) 

R 2 is a monovalent or polyvalent moiety which can be a C1-C12 aliphatic group, an aromatic 

group, or a poly(Ci-C4 branched or unbranched alkyl ether). R 2 can be optionally substituted 

with alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, acyl, alkoxy, hydroxyl, hydroxylalkyl, 
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halo, haloalkyl, amino, aryl, or aralkyl. In formula (II), n is an integer ranging from 0 to 5. 
Each A' independently has the formula: 

R 1 

in which R 1 is hydrogen or lower alkyl, each L independently is Ci-C 4 alkyl, and w is an 
integer ranging from 0 to 20. R 1 is preferably hydrogen or methyl. In formula (II), L can be 
a branched or unbranched C1-C4 alkyl. 

The polymerization modifier can include a second acrylate monomer. The second 
aery late monomer can have formula (HI): 

(R 3 ) k -C^L'-0)— A"] (III) 

In formula (III), j is 1, 2, 3 or 4, k is equal to 4-j, R 3 is hydrogen or C1-C4 branched or 
unbranched alkyl, each L' independently is C1-C4 branched or unbranched alkyl, and each i 
independently is 0, 1, 2 or 3. Each A" independently has the formula: 

O 

-M 




in which R 1 is hydrogen or lower alkyl, each L independently is C1-C4 branched or 
unbranched alkyl, and w is an integer ranging from 0 to 20. 

The polymerization modifier can include a second urethane acrylate oligomer. The 
polymerization modifier can be a trimethylolpropane triacrylate, a bisphenol A 
dimethacrylate, a tripropyleneglycol diacrylate, a pentaerythritol tetraacrylate, a 2-(2- 
ethoxyethoxy)ethylacrylate, a tris(2-hydroxyethyl)isocyanurate triacrylate, an isobornyl 
acrylate, or mixtures thereof. In certain embodiments, the polymerization modifier can 
include isobornyl acrylate. 

The liquid stereolithography resin can include a stabilizer. The stabilizer can be 
Tinuvin 292 (bis(l,2,2,6,6-pentamethyl-4-piperidyl)sebacate and 1 -methyl- 10-( 1,2,2,6,6- 
pentamethyl-4-piperidyl)sebacate), Tinuvin 765 (bis(l,2,2,6,6-pentamethyl-4- 
piperidyl)sebacate), MEQH (4-methoxyphenol), LA-32, LA-82 or Chimassorb 81 (2- 
hydroxy-4-octyloxybenzophenone). 

In some embodiments, the first urethane acrylate oligomer is Sartomer CN964, the 
first acrylate monomer is Sartomer SR454, and the polymerization modifier is Sartomer 
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SR506, Sartomer SR494, Sartomer CN965, Sartomer SR368, or mixtures thereof. The resin 
can include 5-35 weight % Sartomer CN964 and 0.5-25 weight % Sartomer SR454. The 
resin can include 0.5-20 weight % Sartomer SR506. The resin can include 15-45 weight % 
Sartomer SR494. The resin can include 0.5-25 weight % Sartomer CN965. The resin can 
include 5-35 weight % Sartomer SR368. 

In other embodiments, the first urethane acrylate oligomer is Sartomer CN963, the 
first acrylate monomer is Sartomer SR306, and the polymerization modifier is Sartomer 
CN970H75, Sartomer CD540, Sartomer SR506, or mixtures thereof. The resin can include 
40-70 weight % Sartomer CN963, and 5-35 weight % Sartomer SR306. The resin can 
include 0.5-15 weight % Sartomer CN970H75. The resin can include 0.5-15 weight % 
Sartomer CD540. The resin can include 5-35 weight % Sartomer SR506. 

In other embodiments, the first urethane acrylate oligomer is Sartomer CN966, the 
first acrylate monomer is Sartomer SR506, and the polymerization modifier is Sartomer 
SR506, Sartomer CD540, or mixtures thereof. The resin can include 10-40 weight % 
Sartomer CN966 and 0.5-25 weight % Sartomer SR506. The resin can include 6-35 weight 
% Sartomer SR506. The resin can include 25-55 weight % Sartomer CD540. 

In other embodiments, the first urethane acrylate oligomer is Sartomer CN990, the 
first acrylate monomer is Sartomer SR506, and the polymerization modifier is Sartomer 
CN131, BYK Chemie BYK UV 3500, or mixtures thereof. The resin can include 50-80 
weight % Sartomer CN990 and 0.5-20 weight % Sartomer SR506. The resin can include 5- 
35 weight % Sartomer CN131. The resin can include 0.5-15 weight % BYK Chemie BYK 
UV3500. 

In other embodiments, the first urethane acrylate oligomer is Sartomer CN973, the 
first acrylate monomer is Sartomer SR506, and the polymerization modifier is Sartomer 
mouo. ine resin can mciuue <*d-/j weigiu vo omiumcr \^L\y / j oiiu wcigut % 

Sartomer SR506. 

In other embodiments, the first urethane acrylate oligomer is Sartomer CN963, the 
first acrylate monomer is Sartomer SR306, and the polymerization modifier is Sartomer 
CN2400, Sartomer SR506, or mixtures thereof. The resin can include 20-50 weight % 
Sartomer CN963 and 0.5-25 weight % Sartomer SR306. The resin can include 10-40 weight 
% Sartomer CN2400. The resin can include 10-40 weight % Sartomer SR506. 
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In other embodiments, the first urethane acrylate oligomer is Sartomer CN966, the 
first acrylate monomer is Sartomer SR506, and the polymerization modifier is Sartomer 
CN131, Sartomer SR506, or mixtures thereof. The resin can include 35-60 weight % 
Sartomer CN966 and 10-25 weight % Sartomer SR506. The resin can include 10-45 weight 
5 % Sartomer SR506. The resin can include 5-35 weight % Sartomer CN131. 

The stock solution can include a photoinitiator and a stabilizer. The desired 
characteristic of the finished product can be dimensional stability and the precursor can be 
isobornyl acrylate. 

In accordance with one embodiment of the present invention, a photocurable resin 
10 composition is provided which comprises a urethane acrylate oligomer having a functionality 
of 2, an ethoxylated3 trimethylolpropane acrylate monomer, an ethoxylated pentaerythritol 
tetraacrylate and one or more photoinitiators. In some embodiments a stabilizer is included 
in these compositions. 

In accordance with other embodiments of the present invention, photocurable resin 
15 compositions for preparing a flexible object are provided. One such resin is provided which 
comprises: a urethane acrylate oligomer, an ethoxylated3 trimethylolpropane triacrylate 
monomer, an alkoxylated cyclohexane diacrylate and one or more photoinitiators. In some 
embodiments a stabilizer is included in these compositions. 

In other embodiments of the present invention, a photocurable resin composition for 
20 preparing flexible objects is provided which comprises a urethane acrylate oligomer, an 

ethoxylated3 trimethylolpropane triacrylate monomer, a polyester acrylate ester and one or 
more photoinitiators. In some embodiments a stabilizer is included in these compositions. 

In other embodiments of the present invention, a photocurable resin composition for 
preparing super flexible objects is provided which comprises a urethane acrylate oligomer, an 

one or more photoinitiators. In some embodiments a stabilizer is included in these 
compositions. 

In accordance with another embodiment of the present invention, a photocurable resin 
composition for preparing a super high heat resistant object is provided which comprises: a 
30 urethane acrylate oligomer, an ethoxylated3 trimethylolpropane acrylate monomer a 

triacrylate monomer, one or more photoinitiators and one of a tetra-acrylate monomer (such 



6 



Attorney Docket No. 16205-002001 



as an ethoxylated pentaerythritol tetraacrylate) and a monoacrylate monomer. In some 
embodiments, a stabilizer is included in these compositions. 

In accordance with other embodiments of the present invention, three dimensional 
objects are provided which are prepared using the photocurable resins described above. 
5 Such three dimensional objects have desirable properties for many different commercial, 
industrial and consumer applications. 

In accordance with still other embodiments of the present invention, methods for 
manufacturing objects by stereolithography using the photocurable resins described above 
are provided. 

10 In accordance with another embodiment of the present invention, a method for 

manufacturing a three-dimensional object by stereolithography is provided, comprising the 
steps of: (a) forming a layer of one of the photocurable resin compositions described in the 
above embodiments; (b) applying actinic radiation to cure at least a portion of the layer of the 
photocurable resin composition form a cured layer; (c) introducing a new layer of the 

15 photocurable resin composition onto the cured layer; (d) applying actinic radiation to the new 
layer of the photocurable resin composition to form a cured layer; (e) repeating steps (c) and 
(d) until the three-dimensional object is manufactured. 

The various embodiments of the present invention provide a number of advantages. 
For example, embodiments of the present invention provide different curable resin 

20 compositions which, after curing, produce objects that have material properties useful in 
different industrial, consumer and commercial contexts. 

Another advantage is that the different photocurable resin compositions described 
above have been tailored to produce objects, after these resins have been cured, that have 
different useful performance characteristics. Some embodiments of the invention provide 

«~ 1 a! a 1 * ~ 4-1 4- ~ -CI ~ l~ 1 ~ n A ^ ~ ahJm/v 0<~i««<k<-k ntvikA/^it^a^^ ^-P+Vi<=» ir\ira*«»fir»« 

lliai piUUUWC U1CU OIW UtAlUlt ailVl V tiling. UUlllV y,lllUWUiniViilJ vrx niv iiirwniuu 

provide resins that produce objects that can withstand high heat and maintain some flexibility 
(i.e., they are not brittle) after curing. Some embodiments of the invention provide resins 
that produce objects that are tough and hard after curing. 

Another advantage is that the embodiments of the present invention provide a fast 
30 build speed and superior green strength for easy post cure processing. This saves time and 
laser energy. 
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Another advantage of the various embodiments of the invention is that photocurable 
resins can be provided that require little or no post cure processing. 

Another advantage of the invention is that the photocurable resins in accordance with 
the embodiments of the present invention prevent, or have greatly reduced volume shrinkage, 
as compared to urethane acrylates previously available, accompanying photosetting such that 
they maintain form precision when used in stereolithography. 

Another advantage is that the photocurable resins provided by the embodiments of the 
present invention is that, in comparison to epoxy resins, they are not sensitive to humidity 
and do not absorb water or swell. 

A stereolithography resin can include an epoxy-acrylate resin. Epoxy-acrylate resins 
can suffer from excessive shrinkage upon curing, insufficient flexibility, insufficient 
toughness, or insufficient strength. 

When formulating a resin for stereolithography, it can be important to control cure 
speed. Fast curing enables the stereolithographer to input conservative build parameters into 
stereolithography instrumentation to produce parts that are dimensionally accurate (within 
the limitations of the actual technology). Stereolithography resins having faster cure speeds 
can therefore be advantageous. 

Stereolithography resins can preferably be formulated to enable the stereolithographer 
to finish parts without damage. Parts produced using stereolithographic instrumentation 
(e.g., those sold by 3D Systems) can be produced with support structures that encumber 
much of the part. Removal of these support structures prior to performing a finish cure 
and/or any finish application (i.e., in the green state) on the parts being processed can damage 
the product. 

It can be preferable for photocurable resins useful for stereolithography to have 
dimensional stability and accuracy both during and after processing, to provide mechanical 
and physical stability in multiple environments exhibiting build chamber condition 
independence (i.e., the resin can be cured by laser light of various wavelengths), and to have 
high heat deflection temperatures and low shrinkage after curing. It can be preferable for 
resins to cure faster than currently available resins while maintaining performance 
characteristics that fit applicable materials design. There is a need for resins that are 
mechanically strong during the green state with easy-to-remove support structure. This can 
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allow the operator to achieve and/or preserve fine smooth surfaces and thin walls (e.g. 0.045 
inches thick). The properties of the green state are determined by the characteristics of the 
stereolithographic resin used. 

Stereolithographic resins can exhibit a number of advantageous properties such as 

5 improved flexibility and high temperature resistance for the cured products. Preferably, the 
resins have superior curing speeds as compared with commercially available 
stereolithography resins. Moreover, the resins can be cured over a wide range of light 
wavelengths, for example, the resins can be cured with light in the range of 240 nm to 250 
nm, 360 nm to 380 nm, or 390 nm to 410 nm. 

10 The details of one or more embodiments are set forth in the description below. Other 

features, objects, and advantages will be apparent from the description and from the claims. 

DETAILED DESCRIPTION 

The properties of a product made by stereolithography can be controlled by the 
stereolithography resin from which it is made. The resin can be formulated such that 

15 products made from it are, for instance, dimensionally stable, flexible, or tough, or have the 
characteristics of a soft rubber, a medium rubber, or a hard rubber. The degree to which a 
product has one or more of these properties can be controlled by the choice of components in 
a resin, and the relative amounts of the components in the resin. 

The resin can include a urethane acrylate oligomer an acrylate monomer, a 

20 polymerization modifier, or a combination thereof. Each of these can be selected 

individually, or a blend of urethane acrylate oligomer and an acrylate monomer can be 
precombined as a stock solution, for the production of photocurable resins having different 
performance characteristics. A variety of resins useful for stereolithography can be prepared 
from this stock solution, such as a general purpose resin 5 a tough resin, a flexible resin, a 

25 super flexible resin, a soft rubber resin, a medium rubber resin, a hard rubber resin, or a 
metallic resin. Typically, the performance characteristics are selected by adding a 
polymerization modifier to the stock solution. A polymerization modifier alters properties of 
a product, flexibility, and toughness. A polymerization modifier can include, for example, a 
urethane acrylate oligomer, an acrylate monomer, or both. A photoinitiator and stabilizer can 

30 also be added to the stock solution and polymerization modifier to form a stereolithography 
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resin. The identity and relative proportion of the polymerization modifier added to the stock 
solution can influence the properties of a product produced from the resin. 
A urethane acrylate oligomer can have formula (I): 

O O 1 

A-O-^-oJ-U-N-lvf-N -(M 1 -0}-A (I) 
H H 

Jy 

5 Each M l is, independently, an alkylene, an acylalkylene, an oxyalkylene, an arylene, an 

acylarylene, or an oxyarylene. Each M 2 is, independently, an alkylene or an arylene. Each M 1 
and each M are optionally substituted with alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, 
acyl, alkoxy, hydroxyl, hydroxylalkyl, halo, haloalkyl, amino, silicone, aryl, or aralkyl. In 
formula (I), x is a positive integer less than 40, y is a positive integer less than 100, and z is a 

10 positive integer less than 40. Each A, independently, has the formula: 

R 1 

R 1 is hydrogen or lower alkyl, each L is, independently, C1-C4 alkyl, and w is an integer 
ranging from 0 to 20. In formula (I), w, x, y, and z together are selected such that the 
molecular weight of the first urethane acrylate oligomer is less than 20,000. More 
15 particularly, M l can be acylalkylene and M 2 can be alkylene or arylene. Examples of 

urethane acrylate oligomers include CN963, CN964, CN965, CN966, CN970, CN973, and 
CN990, all of which are available from Sartomer (Exton, PA). 
An acrylate monomer can have formula (II): 

a-o-rVo-a) (II) 

20 R is a monovalent or polyvalent moiety which can be a C1-C12 aliphatic group, an aromatic 
group, or a po1y(Ci-Ci branched or unbranched alkyl ether). R is optionally substituted with 
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, acyl, alkoxy, hydroxyl, hydroxylalkyl, halo, 
haloalkyl, amino, aryl, or aralkyl. In formula (II), n is an integer ranging from 0 to 5. Each A' 
has the formula: 

25 R 1 

R 1 is hydrogen or lower alkyl, each L independently is C1-C4 alkyl, and w is an integer 
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ranging from 0 to 20. More particularly, an acrylate monomer can have formula (III): 




In formula (III), j is 1, 2, 3 or 4, k is equal to 4-j, R 3 is hydrogen or C1-C4 branched or 
unbranched alkyl, each L r independently is Ci-C 4 branched or unbranched alkyl, and each i 
5 independently is 0, 1, 2 or 3. Each A" independently has the formula: 

O 



R is hydrogen or lower alkyl, each L independently is C1-C4 branched or unbranched alkyl, 
and w is an integer ranging from 0 to 20. Examples of acrylate monomers include 
ethoxylated trimethylolpropane triacrylate, ethoxylated bisphenol A dimethacrylate, 

10 tripropyleneglycol diacrylate, pentaerythritol tetraacrylate, 2-(2-ethoxyethoxy)ethylacrylate, 
tris(2-hydroxyethyl)isocyanurate triacrylate, and isobornyl acrylate, all of which are available 
from Sartomer (Exton, PA). 

A polymerization modifier can include a second urethane acrylate oligomer or a 
second acrylate monomer. The urethane acrylate oligomer can be the same or different as the 

15 first urethane acrylate oligomer in the resin. The second acrylate monomer can be the same 
or different as the first acrylate monomer in the resin. The second acrylate monomer can be a 
monovalent acrylate, for example isobornyl acrylate, or a polyvalent acrylate, such as a di, 
tri, tetra, penta or higher acrylate, for example a bisphenol A dimethacrylate, a 
trimethylolpropane triacrylate, an ethoxylated pentaerythritol tetraacrylate, or an isocyanurate 

20 triacrylate. 

A stereolithography resin can be formulated for general purpose products (a general 
purpose resin). A product prepared from a general purpose resin can be useful in products 
such as parts that snap-fit together or that have clips that need some flexibility. A general 
purpose resin can be useful, among other applications, for PDA (personal data assistant) 
25 housings, blender housings and cell phone housings. 

A stereolithography resin can be formulated for flexible products (a flexible resin). A 
product prepared from a flexible resin can be flexible and can be especially useful for 
simulating rubber and silicone type materials. A flexible resin can be useful in, for example, 
gaskets, dive masks, switch knobs, face masks for respirators and cell phone keypads. More 
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particularly, a stereolithography resin can be formulated for preparing products with a 
moderate flexibility (a mid flex resin). A product prepared from a mid flex resin can be 
suitable for the construction of pieces such as hinges, caps, rigid packaging (bottles, cases, 
etc.) and others. A product prepared from a mid flex resin can show moderate flexibility and 

5 low resistance to plastic deformation, and can emulate the mechanical properties of high- 
density polyethylene (HDPE). A product prepared from a super flex resin can be more 
flexible than a mid flex resin. 

A stereolithography resin can be formulated for a product that is resistant to high heat 
(a high heat resin). A product resistant to high heat can have a flexibility of about 10 degrees 

10 before breaking and a T g of about 460 °F. In contrast, typical commercially available resins 
yield products that are extremely brittle and have T g values of between 350 and 400 °F. A 
high heat resin can be used effectively, for example, in test components for automotive 
engines, aerospace applications, engine blocks or manifold, jet engine components and heat 
sinks. A high heat resin can emulate the thermal properties of polyamides. 

15 A stereolithography resin can be formulated for preparing a tough and hard product (a 

tough and hard resin). A product made from a tough and hard resin can be difficult to break 
and relatively inflexible. A tough and hard resin can be useful for simulating production 
materials such as ABS plastic, for instance in automotive parts, power tool components and 
cell phone housings. 

20 A stereolithography resin can be formulated for preparing products with high 

toughness (a tough resin). A product prepared from a tough resin can require moderate to 
high stresses to produce deformation, can be resistant to fatigue and can deform in large 
extensions without breaking (plastic deformation), for example, elongation of 85-180% 
without breaking. A tough resin can emulate the properties of polycarbonate and 

i i ~ j i :+~ui ~ .r ~„4- ~,4,,~+~ +Un+ u: ~u 

£D pui^piupy idle, oiiu v^oii uc auuauit iui uit; wuiiauuvtiwii ui piuuuuia max iwCjuxiv 111511 

mechanical resistance, such as gear wheels, engine parts, and PDA and cellular phones cases. 

A stereolithography resin can be formulated for preparing products with 
characteristics of a soft rubber (a soft rubber resin). A product prepared from a soft rubber 
resin can be flexible, elastic and offer low resistance to elastic deformation. A product 
30 prepared from a soft rubber resin can have a Shore D hardness in the range of 10-20. Such 
resins can emulate the properties of elastomers such as polybutadiene and polyisoprene, and 
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can be suitable for the construction of products such as gaskets, engine belts, cell phone 
keypads, tubing, or medical devices. Also, the soft rubber resin can be used to emulate 
human tissues. 

A stereolithography resin can be formulated for preparing products with the 

5 characteristics of a rubber with medium stiffness (a mid-rubber resin). An object prepared 
from the mid rubber resin can be flexible, with good hardness and superficial properties (i.e. 
resistance to abrasion) and resistant to elastic deformation. A product prepared from a mid- 
rubber resin can have a Shore D hardness in the range of 30-45. Such resins can simulate the 
physical properties of silicone rubbers, making it suitable for the construction of products 

10 such as respirator masks, catheters, cell phone keypads, o-rings, or cushion pads. 

A stereolithography resin can be formulated for preparing products with the 
characteristics of a hard rubber (a hard rubber resin). A product prepared from a hard rubber 
resin can be flexible and elastic, with high hardness and can require high stress to produce an 
elastic deformation. A product prepared from a hard rubber resin can have a Shore D 

15 hardness in the range of 60-80. A product prepared form a hard rubber resin can emulate 
highly cross-linked elastomers, rubbers with inorganic fillers, polyurethane elastomers, 
nitrile-butadiene rubber (NBR) and styrene-butadiene rubber (SBR), and can be suitable for 
the construction of products such as shoe soles, engine belts, or tires. 

A stereolithography resin can be formulated for preparing products with metallic 

20 properties (a metallic resin). An object prepared from a metallic resin can be strong and 

virtually not deformable, can emulate the properties of a polyacetal, and can be suitable for 
the construction of products that require extreme mechanical resistance without any kind of 
deformation and high resistance over time. 

A general purpose resin can include a urethane acrylate oligomer, an acrylate 

25 monomer, and a polymerization modifier. The urethane acrylate oligomer can include an 
aliphatic polyester urethane diacrylate. The acrylate monomer can include a polyvalent 
acrylate, for example an ethoxylated trimethylolpropane acrylate. The polymerization 
modifier can include a polyvalent acrylate, such as a di, tri, tetra, penta or higher acrylate, for 
example, an ethoxylated pentaerythritol tetraacrylate, or an isocyanurate triacrylate. The 

30 polymerization modifier can include a second urethane acrylate oligomer. The resin can also 
include a photoinitiator and a stabilizer. 
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A flexible resin can include a urethane acrylate oligomer, an acrylate monomer, and a 
polymerization modifier. The urethane acrylate oligomer can include an aliphatic polyester 
urethane diacrylate. The acrylate monomer can include a polyvalent acrylate, such as an 
ethoxylated trimethylolpropane triacrylate, or a monovalent acrylate, such as isobornyl 
acrylate. The polymerization modifier can include an alkoxylated cyclohexane diacrylate, 
isobornyl acrylate, an ethoxylated bisphenol A diacrylate, or mixtures thereof. The resin can 
also include a photoinitiator and a stabilizer. 

A mid flex resin can include a urethane acrylate oligomer, an acrylate monomer, and 
a polymerization modifier. The urethane acrylate oligomer can include an elastic urethane 
acrylate oligomer. The acrylate monomer can include a monovalent acrylate such as 
isobornyl acrylate. The polymerization modifier can include a polyvalent acrylate such as an 
ethoxylated bisphenol A dimethacrylate. The resin can include a photo-initiator and a 
stabilizer. 

A super flex resin can include a urethane acrylate oligomer, an acrylate monomer, 
and a polymerization modifier. The urethane acrylate oligomer can include an aliphatic 
polyester urethane diacrylate, or a siliconized urethane acrylate oligomer. The acrylate 
monomer can include a diacrylate such as a polyethylene glycol diacrylate, or a monoacrylate 
such as isobornyl acrylate. The polymerization modifier can include a second urethane 
acrylate oligomer, a low viscosity aromatic monoacrylate oligomer, or a polyether modified 
acrylic functional polydimethylsiloxane. 

A high heat resin can include a urethane acrylate oligomer, an acrylate monomer, and 
a polymerization modifier. The urethane acrylate oligomer can include an aliphatic polyester 
urethane diacrylate, an aromatic polyester urethane diacrylate, or a combination. The 
acrylate monomer can include a monovalent acrylate, such as isobornyl acrylate or a 

«Alin;o1on+ or»M/1o+o on/-»V» 00 on of Virvv^/I oforl Ki or*V\or»n1 A A\ Kxr*r\A of o TV»o r»r*Krmori Trof \r\r\ 

modifier can include a polyvalent acrylate, such as an isocyanurate triacrylate. The resin can 
also include a photoinitiator and a stabilizer. 

A tough and hard resin can include a urethane acrylate oligomer, an acrylate 
monomer, and a polymerization modifier. The urethane acrylate oligomer can include an 
aliphatic polyester urethane diacrylate, an aromatic polyester urethane diacrylate, or a 
combination. The acrylate monomer can include a polyvalent acrylate, such as an 
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ethoxylated trimethylolpropane triacrylate, or a 2-(2-ethoxyethoxy)ethylacrylate. The 
polymerization modifier can include a second urethane acrylate oligomer which can be an 
aliphatic polyester urethane diacrylate, a monovalent acrylate, such as isobornyl acrylate, a 
polyvalent acrylate, such as an ethoxylated bisphenol A diacrylate, or a combination. The 
resin can also include a photoinitiator and a stabilizer. 

A tough resin can include a urethane acrylate oligomer, an acrylate monomer, and a 
polymerization modifier. The urethane acrylate oligomer can include an aromatic urethane 
acrylate oligomer. The acrylate monomer can include a polyvalent acrylate such as an 
ethoxylated bisphenol A dimethacrylate. The polymerization modifier can include an 
aliphatic urethane acrylate oligomer, a tripropyleneglycol diacrylate, an isocyanurate 
triacrylate, isobornyl acrylate, or a combination. The polymerization modifier can include 
tris(2-hydroxyethyl) isocyanurate triacrylate, which can allow control of the ultimate 
resistance to mechanical stress. The resin can include a photo-initiator and a stabilizer. 

A soft rubber resin can include a urethane acrylate oligomer, an acrylate monomer, 
and a polymerization modifier. The urethane acrylate oligomer can include a siliconized 
urethane acrylate oligomer. The acrylate monomer can include a monovalent acrylate such 
as isobornyl acrylate. The polymerization modifier can include a low viscosity aromatic 
monoacrylate oligomer. The resin can include a photo-initiator and a stabilizer. 

A mid-rubber resin can include a urethane acrylate oligomer, an acrylate monomer, 
and a polymerization modifier. The urethane acrylate oligomer can include a siliconized 
urethane acrylate oligomer. The acrylate monomer can include a monovalent acrylate such 
as isobornyl acrylate. The polymerization modifier can include a low viscosity aromatic 
monoacrylate oligomer, a polyether modified acrylic functional polydimethylsiloxane, or a 
combination. The resin can include a photo-initiator and a stabilizer. 

A hard rubber resin can include a urethane acrylate oligomer, an aery 1 cite monomer, 
and a polymerization modifier. The urethane acrylate oligomer can include an aromatic 
urethane acrylate oligomer. The acrylate monomer can include a monovalent acrylate such 
as isobornyl acrylate. The polymerization modifier can include a monovalent acrylate such 
as isobornyl acrylate. The resin can include a photo-initiator and a stabilizer. 

A metallic resin can include a urethane acrylate oligomer, an acrylate monomer, and a 
polymerization modifier. The urethane acrylate oligomer can include an aliphatic urethane 
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acrylate. The acrylate monomer can include a polyvalent acrylate such as a 
tripropyleneglycol diacrylate. The polymerization modifier can include a monovalent 
acrylate such as isobornyl acrylate. The polymerization modifier can include a metallic 
acrylic oligomer. 

Tables 1-9, below, illustrate various embodiments. Tables 1A and IB describe 
general purpose resins. Tables 2A and 2B describe mid-flex resins. Tables 3A and 3B 
describe super flex resins. Table 4 describes a high-heat resin. Tables 5 A and 5B describe 
tough resins. Table 6 describes a soft rubber resin. Table 7 describes a mid rubber resin. 
Table 8 describes a hard rubber resin. Table 9 describes a metallic resin. In the tables, the 
first column identifies the commercially available product used for each component, the 
second column describes the various components (e.g. urethane acrylate oligomer, 
photoinitiator, or stabilizer). 



Table 1A 



Components 


Type 


Broad range 
(Volume %) 


Preferred range 
(Volume %) 


Actual 
composition 
(Volume %) 


CN964E75 


urethane acrylate 
oligomer 


18-42 


25-35 


30 


SR494 


tetraacrylate 
monomer 


20-44 


27-37 


32 


CN965 


urethane acrylate 
oligomer 


1-24 


7-17 


12 


SR368 


triacrylate 
monomer 


4-28 


11 -21 


16 


Darocur 4265 


photoinitiator 


1 - 14 


1-7 


2 


TIN292 


stabilizer 


1-20 


3-13 


8 
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Table IB 



Components 


Type 


Broad range 

(% w/w) 


Preferred range 

(%w/w) 


CN964E75 


urethane acrylate 
oligomer 


14.8-38.8 


21.8-31.8 




aliphatic urethane 
acrylate (CN964) 


8.1 -32.1 


15.1 -25.1 


ethoxylated 3 
trimethylolpropane 
triacrylate ester 


1 - 18.7 


1.7- 11.7 


SR506 


isobornyl acrylate 


1 - 14 


1-7 


SR494 


ethoxylated 4 

pentaerythritol 

tetraacrylate 


19.5-43.5 


26.5 - 36.5 


CN965 


urethane acrylate 
oligomer 


1-23.4 


6.4-16.4 


SR368 


tris(2-hydroxyethyl) 
isocyanurate triacrylate 


6.2 - 30.2 


13.2 - 23.2 


Darocur 4265 


photoinitiator 


1 - 14.4 


1-7.4 


TIN292 


stabilizer 


1 - 19.7 


2.7 - 12.7 



Table 2A 



Components 


Type 


Broad range 
(Volume %) 


Preferred 
range 
(Volume %) 


Actual 
composition 
(Volume %) 


CN964E75 


urethane acrylate 
oligomer 


22-46 


29-39 


34 


SR494 


tetraacrylate 
monomer 


15-39 


22-32 


27 


CN965 


urethane acrylate 
oligomer 


7-31 


14-24 


19 


CN738 


polyester acrylic 
ester 


1-23 


6-16 


11 


Darocur 4265 


photoinitiator 


1 - 14 


1 -7 


2 


TIN292 


stabilizer 


1 - 19 


2-12 


7 
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Table 2B 



Components 


Type 


Broad range 

(% w/w) 


Preferred range 
(%w/w) 


CN966J75 


oligomer 


21.5-45.5 


28.5 -38.5 




aliphatic urethane 
acrylate (CN966) 


13.1-37.1 


20.1 -30.1 


isobornyl acrylate 


1 - 20.4 


3.4-13.4 


SR506 


isobornyl acrylate 


6.5-30.5 


13.5-23.5 


CD540 


ethoxylatedj bisphenol 
A dimethacrylate 


29.8 - 53.8 


36.8 - 46.8 


TIN292 


photoinitiator 


1 - 16.1 


1-9.1 


DARO 


stabilizer 


1 - 14.1 


1 -7.1 



Table 3A 



Components 


Type 


Broad range 
(Volume %) 


Preferred 
range 
(Volume %) 


Actual 
composition 
(Volume %) 


CN964E75 


urethane acrylate 
oligomer 


26-50 


33-43 


38 


CN965 


urethane acrylate 
oligomer 


3-27 


10-20 


15 


CN966J75 


urethane acrylate 
oligomer 


3-27 


10-20 


15 


SR344 


diacrylate 
monomer 


11-35 


18-28 


23 


Darocur 4265 


photoinitiator 


1 - 14 


1-7 


2 


TIN292 


stabilizer 


1 - 19 


2-12 


7 



5 Table 3B 



Components 


Type 


Broad range 

(% w/w) 


Preferred range 

(% w/w) 


CN990 


siliconized urethane 
acrylate oligomer 


52.4 - 76.4 


59.4 - 69.4 


CN131 


low viscosity aromatic 
monoacrylate oligomer 


9.1-33.1 


16.1-26.1 


SR506 


isobornyl acrylate 


1 - 18.7 


1.7-11.7 


BYK3500 


polyether modified 
acrylic functional 
polydimethylsiloxane 


1 - 13 


1-6 


TIN292 


photoinitiator 


1 - 16.3 


1 -9.3 


DARO 


stabilizer 


1 - 14.5 


1-7.5 
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Table 4 



Components 


Type 


Broad range 
(Volume %) 


Prpfiprrpfl 

X 1 vlvl ■ tU 

range 
(Volume %) 


A pin n 1 

composition 
(Volume %) 


CN964E75 


urethane acrylate 
oligomer 


15-39 


22-32 


27 


dlOUO 


monoacrylate 
monomer 


2-26 


n i o 

9-19 


1 A 

14 


CN965 


urethane acrylate 
oligomer 


1 -22 


5-15 


10 


SR368 


triacrylate 
monomer 


28-52 


35-45 


40 


Darocur 4265 


photoinitiator 


1-15 


1 -8 


3 


TIN292 


stabilizer 


1-18 


1 - 11 


6 



Table 5A 



Components 


Type 


Broad range 
(Volume %) 


Preferred 
range 
(Volume %) 


Actual 
composition 
(Volume %) 


CN964E75 


urethane acrylate 
oligomer 


4-28 


11-21 


16 


CN963A80 


urethane acrylate 
oligomer 


25-49 


32-42 


37 


SR506 


monoacrylate 
monomer 


25-49 


32-42 


37 


Darocur 4265 


photoinitiator 


1 - 15 


1 -8 


3 


TIN292 


stabilizer 


1 - 19 


2-12 


7 
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Table 5B 



Components 


Type 


Broad range 
(% w/w) 


Preferred range 
(% w/w) 


CN970H75 


urethane acrylate 
oligomer 


1-13.1 


1-6.1 




aromatic urethane 
acrylate (CN970) 


1 - 12.8 


1-5.8 


2-(2-ethoxyethoxy) 
ethylacrylate 


1 - 12.3 


1 -5.3 


CD540 


ethoxylated 4 bisphenol 
A dimethacrylate 


1-13 


1 -6 


CN963A80 


urethane acrylate 
oligomer 


60-84 


67-77 




aliphatic urethane 
acrylate (CN963) 


42-66 


49-59 


tripropyleneglycol 
diacrylate 


6-30 


13-23 


SR506 


isobornyl acrylate 


7.3-31.3 


14.3-24.3 


Darocur 4265 


photoinitiator 


1 - 14.5 


1-7.5 


TIN292 


stabilizer 


1 - 16.1 


1-9.1 


Table 6 


Components 


Type 


Broad range 

(% w/w) 


Preferred range 

(% w/w) 


CN966J75 


siliconized urethane 
acrylate oligomer 


54.1 -78.1 


61.1-71.1 


CN131 


low viscosity aromatic 
monoacrylate oligomer 


8.9-32.9 


15.9-25.9 


SR506 


isobornyl acrylate 


1-18.7 


1.7-11.7 


Darocur 4265 


photoinitiator 


1 - 14.1 


1-7.1 


TIN292 


stabilizer 


1 - 16.2 


1-9.2 
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Table 7 



Components 


Type 


Broad range 
(% w/w) 


Preferred range 

(%w/w) 


CN990 


siliconized urethane 
acrylate oligomer 


52.4 - 76.4 


59.4 - 69.4 


CN131 


low viscosity aromatic 
monoacrylate oligomer 


9.1-33.1 


16.1-26.1 


SR506 


isobornyl acrylate 


1 - 18.7 


1.7-11.7 


BYK3500 


polyether modified 
acrylic functional 
polydimethylsiloxane 


1 - 13 


1-6 


TIN292 


photoinitiator 


1 - 16.3 


1 -9.3 


DARO 


stabilizer 


1 - 14.5 


1 -7.5 


Table 8 


Components 


Type 


Broad range 

(% w/w) 


Preferred range 
(%w/w) 


CN973J75 


urethane acrylate 
oligomer 


66-90 


73-83 




aromatic urethane 
acrylate (CN973) 


46.5 - 70.5 


53.5 -63.5 


isobornyl acrylate 


7.5-31.5 


14.5-24.5 


SR506 


isobornyl acrylate 


3.6-27.6 


10.6-20.6 


TIN292 


photoinitiator 


1 - 16.3 


1-9.3 


DARO 


stabilizer 


1-14.1 


1-7.1 


Table 9 


Components 


Type 


Broad range 

(% w/w) 


Preferred range 

(% w/w) 


CN2400 


metallic acrylic 
oligomer 


12.3-36.3 


19.3 - 29.3 


CN963A80 


urethane acrylate 

o 


33-57 


40-50 




aliphatic urethane 
acrylate (CN963) 


21.8-45.8 


28.8-38.8 


tripropyleneglycol 
diacrylate 


1-23.3 


6.3 - 16.3 


SR506 


isobornyl acrylate 


12.3-36.3 


19.3-29.3 


Darocur 4265 


photoinitiator 


1 - 14.3 


1-7.3 


TIN292 


stabilizer 


1-16.1 


1-9.1 
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The stereolithography resin can include photoinitiators. Photoinitiators generally 
accelerate curing. Photoinitiators can be present in the resin compositions in amounts from 
about 1 weight % to about 20 weight %. Preferably, the photoinitiators are present in the 
stereolithography resin from about 1 weight % to about 10 weight %. In some preferred 

5 embodiments of the photoinitiator is present in about 2 weight % to about 3 weight %. 

A combination of photoinitiators can be used so that light of different wavelength 
ranges can be used to facilitate curing of the resins. For example, photoinitiators can be 
chosen such that the photocurable resin composition can be cured at wavelengths of about 
240 nm to about 250 nm, about 360 nm to about 380 nm, or about 390 nm to about 410 nm. 

10 Resins having photoinitiators that allow for curing to occur at different wavelengths allow 
the use of a variety of light sources, such as a He/Cd laser, an argon laser, or various SLA 
instruments such as SLA 5000 or SLA 7000. 

A combination of a phosphine oxide, an alpha-hydroxy ketone and a benzophenone 
derivative can be used as photoinitiators in the resin. This combination allows curing at 

15 different wavelengths. Such a combination of photoinitiators is sold by Sartomer, Inc. as 

SRI 135 and is most useful in the wavelength ranges of about 240 nm to about 250 nm, about 
260 nm to about 380 nm, and about 390 nm to about 410 nm. The photoinitiators are 
preferably present in the resins described above at weight percentages effective for initiating 
the light sensitive curing process. One skilled in the art can determine how much 

20 photoinitiator should be added for different photoinitiators and applications. 

Many photoinitiators are known in the art and can be used with the stereolithography 
resins either singly or in a mixture. Examples of photoinitiators include a benzophenone, a 
benzil dimethyl ketal, a 1-hydroxy-cyclohexylphenylketone, an isopropyl thioxanthone, an 
ethyl 4-(dimethylamino)benzoate, SARCURE SRI 135, a benzoin normal butyl ether, 

25 SARCURE SRI 130E, iripropyleneglycol diaerylate, an oligo(2 -hydroxy-2 -methyl- l-(4-(l- 
methylvinyl)phenyl)propanone), a 2-hydroxy-2-methyl-l -phenyl- 1-propanone, a poly (2- 
hydroxy-2-methyl-l -phenyl- 1-propanone), a trimethylolpropane triacrylate, a SARCURE 
SRI 137, a SARCURE SRI 130, a phosphine oxide, a 4-methylbenzophenone, a 
trimethylbenzophenone, a methylbenzophenone, a Darocur 4265, and an Irgacure. Upon 

30 application of light, photoinitiators produce reactive species that initiate rapid cure processes. 
A resin that includes photoinitiators is best stored in an environment in which it is protected 
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from light. In certain preferred embodiments the photoinitiator is SARCURE SRI 135. In 
other preferred embodiments the photoinitiator is DAROCURE-4265, available from CIBA 
Specialty Chemicals Corp. 

The photocurable resin compositions can include light stabilizers. For example, 

5 Tinuvin 292 (TIN292) (bis( 1 ,2,2,6,6-pentamethyl-4-piperidyl)sebacate and 1 -(methyl)- 1 0- 
(l,2,2,6,6-pentamethyl-4-piperidyl)sebacate) can be used as a stabilizer. Other stabilizers 
that can be used include, for example, Tinuvin 765 (bis(l,2,2,6,6-pentamethyl-4- 
piperidyl)sebacate) available from CIBA Specialty Chemicals, BLS 292 (bis (1,2,2,6,6- 
pentamethyl-4-piperidyl)sebacate and 1 -(methyl)- 1 0-( 1 ,2,2,6,6-pentamethyl-4-piperidyl) 

10 sebacate) available from Mayzo Inc, LA-32 or LA-82 available from ADK Stab, MEQH (4- 
methoxyphenol) available from Aldrich Chemical Company, Inc. and Chimassorb 81, 
available from Ciba Specialty Chemicals. 

An inert fill can be included in the resins and improve performance characteristics of 
the resins. Inert fills reduce shrink to near zero. Such inert fills can include nanoclays and 

15 titanium dioxide. In various embodiments nanoclays such as Cloisite N and Cloisite 20A can 
be used. 

In general, a stereolithography resin can be prepared from a urethane acrylate 
oligomer and an acrylate monomer that are blended with a polymerization modifier. The 
urethane acrylate oligomer and the acrylate monomer can be preblended in a commercially 

20 available mixture. The identity and relative concentrations of the urethane acrylate oligomer, 
acrylate monomer, and polymerization modifier can be selected to produce a resin with 
desired characteristics. To this is added a photoinitiator which preferably includes a blend of 
phosphine oxide, alpha-hydroxy ketone and a benzophenone derivative. To this is added a 
stabilizer. The mixture is then placed in a mixing hopper and then undergoes a mixing cycle 

25 using a motorized mixer. 

In some embodiments, the resins are used in methods for producing three dimensional 
objects using stereolithography. In general, stereolithography is carried out by forming a 
layer of a photocurable resin composition and applying actinic radiation to cure at least a 
portion of the layer of the photocurable resin composition form a cured layer. Then, a new 

30 layer of the photocurable resin composition is introduced onto the cured layer, actinic 

radiation is applied to the new layer of the photocurable resin composition to form another 
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cured layer. These steps are repeated until a three dimensional object is manufactured. This 
methodology is well known in the art. See, for example, Jacobs, Paul F., Stereolithographv 
and other RP & M Technologies (ASME Press, 1996), which is incorporated by reference in 
its entirety. 

5 The resins are cured with actinic radiation. The actinic radiation in preferred 

embodiments is provided by a laser. Suitable lasers are known in the art. For 
stereolithography applications, lasers are ordinarily provided with the stereolithography 
machine. Stereolithographic instruments that can be used include, for example, SLA 5000, 
or SLA 7000. Stereolithographic instruments can be purchased from 3D Systems (Valencia, 

10 CA). 

In certain embodiments, three dimensional objects are prepared with the 
stereolithography resins described herein. Such three dimensional objects have properties 
depending on the stereolithography resin employed. 

15 EXAMPLE 1 

A general purpose resin was prepared with the following components, which are 
listed both as a % by volume and as a percent by weight: 



COMPONENT 


% VOLUME 


% BY WEIGHT 


CN964E75 


38.25 


37.83 


SR494 


48 


48.74 


CN965 


10 


9.9 


SR1135 


1.75 


1.75 


TIN292 


2 


1.78 



20 In this regard, it should be noted that CN964E75 and CN965 both contain urethane 

acrylate oligomers. SR494 is an ethoxylated pentaerythritol tetraacrylate. SRI 135 is a 
photoinitiator and TIN292 is a stabilizer. In particular, CN964E75 includes an aliphatic 
urethane acrylate (75 to 90% by weight) and ethoxylated trimethylolpropane triacrylate esters 
(10 to 25% by weight). SR494 is an ethoxylated pentaerythritol tetraacrylate (100% by 

25 weight). CN965 is an aliphatic urethane acrylate (100% by weight). SRI 135 is a mixture 

including 2,4,6-trimethylbenzoyldiphenylphosphine oxide, alpha hydroxyketones and 
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benzophenone derivatives and includes 2-hydroxy-2-methyl-l -phenyl- 1-propanone (22 to 
26% by weight) and 2,4,6-trimethylbenzophenone (6 to 7% by weight). TIN292 can be 
purchased from CIBA, Inc. All of the other components are sold by Sartomer Company, Inc. 

To prepare a general purpose resin, CN964E75 was blended with CN965. To this 
mixture was added SR 494. To this SRI 135 and TIN292 were added. The final weight % of 
each component is described above in the table. 

EXAMPLE 2 



A flexible resin was prepared with the following components, which are listed both as 
a % by volume and as a percent by weight: 



COMPONENT 


% VOLUME 


% BY WEIGHT 


CN964E75 


62.25 


62.01 


SR344 


34 


34.43 


SRI 135 


1.75 


1.76 


TIN292 


2 


1.80 



In this regard, it should be noted that CN964E75, SRI 135 and TIN292 are as 
described above under the general purpose resin. SR344 is a polyethylene glycol (400) 
diacrylate (100% by weight). TIN292 can be purchased from CIBA, Inc. All of the other 
components are sold by Sartomer Company, Inc. 

To prepare a flexible resin, CN964E75 was blended with SR344. To this SRI 135 and 
TIN292 were added. The final weight % of each component is described above in the table. 

EXAMPLE 3 

A tough and hard resin was prepared with the following components, which are iisted 
both as a % by volume and as a percent by weight: 
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COMPONENT 


% VOLUME 


% BY WEIGHT 


CN964E75 


57.25 


56.61 


CO A C\A 

bK 494 


1 A 

10 


10.15 


SR344 


19 


19.10 


CN968 


10 


10.61 




l./J 


1.7o 


TIN292 


2 


1.78 



In this regard, CN964E75, SR344, SR494, TIN292 and SRI 135 are as described 
above. CN968 is an aliphatic urethane acrylate. In particular, CN968 includes an aliphatic 
urethane acrylate (30 to 40% by weight), acrylic esters (55 to 60% by weight) and acrylic 
esters (5 to 10% by weight). 

To prepare a tough and hard resin, CN964E75 was blended with SR494, SR344 and 
CN968. To this SRI 135 and TIN292 were added. The final weight % of each component is 
described above in the table. 



EXAMPLE 4 

A high heat resin was prepared with the following components, which are listed both 
as a % by volume and as a percent by weight: 



COMPONENT 


% VOLUME 


% BY WEIGHT 


CN964E75 


32.25 


31.10 


SR 494 


35 


34.65 


CN965 


13 


12.55 


OIVJUO 


1 C 
1U 


1 O 0£ 
1 v>- — w 


SRI 135 


1.75 


1.70 


TIN292 


2 


1.74 



In this regard, CN964E75, CN965, SR494, SRI 135 and TIN292 are as described 
above. SR368 is tris(2-hydroxy ethyl)isocyanurate triacrylate esters (100% by weight). 
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TIN292 can be purchased from CIBA, Inc. All of the other components are sold by Sartomer 
Company, Inc. 

To prepare a high heat resin, CN964E75 was blended with SR494 and CN965. To 
this SR368, SRI 135 and TIN292 were added. The final weight % of each component is 
5 described above in the table. 

EXAMPLE 5 

Another general purpose resin was prepared as follows. The percent by volume of 
each component in the resin composition is set forth above in Table 1 A. In order to prepare 

10 this resin, a cylindrical mixing tank (20 inches of diameter, 30 inches of length with baffles 
of 1.5 inches approximately) was used. The mixing tank included a high torque mixer that 
has attached an axial flow impeller. Using metal containers and a heating band, 9.0 L of 
CN964E75 and 3.6 L of CN965 were warmed to 35 - 40 °F and were then added to the 
mixing tank. Then 9.6 L of SR494 were added to the mixing tank and mixed for about 5 to 

15 10 minutes or until homogenization of all components. 4.8 L of melted SR368 were then 
added to the mixing tank and agitation was continued for about 5-10 minutes or until 
homogenization was achieved. The mixture was then allowed to cool. Then 2.4 L of 
Tinuvin292 were added and mixing was continued for about 5 minutes. Darocur 4265 (600 
mL) was then added to the mixing tank, and the mixture was agitated for about 10 minutes. 

20 The resultant resin was stored in dark containers and kept away from light. The resin turned 
from a white foamy consistency to a clear amber liquid about 24 hours after preparation. 

EXAMPLE 6 

A super-flex resin was prepared as follows. The percent by volume of each 
25 component in the resin composition is set forth above in Table 3 A. Using metal containers 
and heating bands, 1 1.4 L of CN964E75, 4.5 L of CN966J75 and 4.5 L of CN965 were 
warmed to 35 - 40 °F. These warmed ingredients were then added into the mixing tank, as 
described above. Then 6.9 L of SR344 and 2.1 L of Tinuvin292 were added to the mixing 
tank and stirred for about 5 to about 10 minutes or until homogenization of all components. 
30 Darocur 4265 (600 mL) was then added to the mixing tank and the mixture was agitated for 
about 10 minutes. The resin was stored in dark containers and kept away from light. The 
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resin turned from a white foamy consistency to a clear amber liquid about 24 hours after 
preparation. 

EXAMPLE 7 

5 A mid-flex resin was prepared as follows. The percent by volume of each component 

in the resin composition is set forth above in Table 2A. Using metal containers and a heating 
band, 10.2 L of CN964E75 and 5.7 L of CN965 were warmed to 35 - 40 °F and were then 
added to the mixing tank, as described above. Then 8.1 L of SR494, 3.3 L of CN738 and 2.1 
L of Tinuvin292 were added to the mixing tank and mixed for about 10 to about 20 minutes 

10 or until homogenization of all components. Darocur 4265 (600 mL) of was then added to the 
mixing tank, and the mixture was agitated for about 10 minutes. The resin was stored in dark 
containers and kept away from light. The resin turned from a white foamy consistency to a 
clear amber liquid about 24 hours after preparation. 

15 EXAMPLE 8 

A super high heat resin was prepared as follows. The percent by volume of each 
component in the resin composition is set forth above in Table 4. Using metal containers and 
a heating band, CN964E75 and CN965 were warmed to 35 - 40 °F and then added to the 
mixing tank, as described above. Then SR368 and SR506 were added to the mixing tank and 
20 agitation was continued for about 5-10 minutes or until homogenization was achieved. 

The mixture was then allowed to cool. Then, Darocur 4265 was added to the mixing tank and 
the mixture was agitated for about 10 minutes. The resin was stored in dark containers and 
kept away from light. The resin turned from a white foamy consistency to a clear amber 
liquid about 24 hours after preparation. 

25 

EXAMPLE 9 

A tough resin was prepared as follows. The percent by volume of each component in 
the resin composition is set forth above in Table 5 A. Using metal containers and the heating 
band, CN964E75 and CN963 A80 were warmed to 35 - 40°F and then added to the mixing 
30 tank, as described above. Then Tinuvin292 and SR506 were added and mixing was 

continued for about 5 to 10 minutes or until homogenization was achieved. Darocur 4265 
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was then added to the mixing tank and agitation of the mixture was continued for about 10 
minutes. The resin was stored in dark containers and kept away from light. The resin turned 
from a white foamy consistency to a clear amber liquid about 24 hours after preparation. 



EXAMPLE 10 

Another super high heat resin was prepared as follows. Using metal containers and a 
heating band, 8.1 L of CN964E75 and 3.0 L of CN965 were warmed to 35 - 40 °F and were 
then added to the mixing tank, as described above. Then 12.0 L of SR368 were added to the 
mixing tank and mixed for about 5 to 10 minutes or until homogenization of all components. 
The mixture was allowed to cool and then 4.5 L of CD540 and 1.8 L of Tinuvin292 were 
added to the mixing tank and agitation was continued for about 5-10 minutes or until 
homogenization was achieved. Darocur 4265 (600 mL) was then and added to the mixing 
tank and agitation was continued for about 10 minutes. The resin was stored in dark 
containers and kept away from light. The resin turned from a white foamy consistency to a 
clear amber liquid about 24 hours after preparation. 



EXAMPLE 11 

Another tough resin was prepared as follows. Using metal containers and a heating 
band, 4.8 L of CN964E75 and 1 1.1 L of CN963A80 were warmed to 35 - 40 °F and then 
added to the mixing tank, as described above. Then 2. 1 L of Tinuvin 292 and 1 1 . 1 L of 
SR506 were added to the mixing tank and mixed for about 5 to 10 minutes or until 
homogenization of all components is achieved. Then, 900 mL of Darocur 4265 were added 
to the mixing tank and agitation of the mixture was continued for about 10 minutes. The 
resin was stored in dark containers and kept away from light. The resin turned from a white 
foamy consistency to a clear amber liquid about 24 hours after preparation. 

Tables 1-9 describe resins of various embodiments. Shrink ratios obtained for these 
resins (inch/inch) were 0.005 for the General Purpose, 0.003 for the Mid Flex, 0.004 for the 
Super Flex, 0.005 for the Super High Heat and 0.004 for the Impact Resistant (high impact) 
resins. 
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EXAMPLE 12 

Stereolithographic resins based on acrylate-urethane oligomers show enhanced 
performance characteristics upon addition of exfoliated montmorillonite supplied by 
Southern Clay Co. (Gonzales, Texas). Resins from various embodiments (Examples 1 to 5) 
were prepared by mixing together, in various concentrations, monomers, oligomers and 
photoinitiators. The resins when irradiated in 3D Systems stereolithographic machines 
produced parts suitable for numerous applications. 

A series of nanoclays were introduced into various resin compositions in different 
concentrations varying from 0.25% to 10%. 

In various embodiments, nanoclays were added to improve the physical and 
mechanical attributes of the resins in the cured resins. Good results were obtained by 
nanoclays designated as Cloisite N and Cloisite 20A. 



Parameter 


Test 


Average % increase in the 
presence of Cloisite N 


Viscosity of the liquid resin 
(20 C) cps 


Brookfield 


Same 


Tensile Modulus after post 
curing Mpa 


ISO 527 


+12% 


Tensile strength after post 
curing Mpa 


ISO 527 


+11.5% 


Elongation to break, % 


ISO 527 


+ 3.0% 


Impact after post curing 
KJ/m 2 (notched) 


ISO 179 


+6.0% 


Shore D hardness 




+4.0% 


Glass transition DMA (E") 


DMA 2/min.lHz 


+3.6 



A number of embodiments have been described. Nevertheless, it will be understood 
that various modifications may be made without departing from the spirit and scope of the 
invention. 
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